Lac du Bouchet is a small maar type lake located at -45"N, 4"E, in central France. The bottom sediments have been sampled down to a depth of 6 m with Mackereth type corers. A chronology has been established from pollen analytical and diatom zonations and by radiocarbon age determinations. Throughout the period covered, which runs from -22 000 years ago through t o the present time, declination and inclination variations consist of oscillations of up to about 30" amplitude. No abnormally large amplitude 'excursions' in direction are recorded. The main contribution of this study is the extension of the European secular variation (SV) records to the interval from -13 000 BP ('years before present) to -22 000 n p : the sediments deposited through this interval (Ancient Dryas into Wurm) originated from the erosion of the internal walls of the volcano. Spectrum analyses of the declination and inclination curves from 13 000 to 22 000 BP reveal peaks at periods of 3000-4000, -1800, -1 150 and -700 yr. Cross-spectrum analysis shows strong coherence of the two signals at the longest of these periods. The phase relationship of all these peaks indicates clockwise rotation of the palaeomagnetic vector, possibly suggesting westward drifting sources. Although the palaeomagnetic SV record through the Holocene (0-10300 B P ) is compressed into -1.7 m of highly organic sediments, the principal features exhibited by the 'type' curves established for UK can be identified and the resulting 'magnetic' ages are consistent with the palynology: the sense of rotation of the magnetic vector is biased equally in both senses. The Late Glacial (-10300 BP to -13 000 BP) is characterized by oscillating climatic conditions (Recent Dryas, Allerad and Bblling) which resulted in poorly resolved and probably discontinuous palaeomagnetic SV records which show a strong bias to anti-clockwise rotation. All ages are given in radiocarbon years.
Introduction
A study of the recent sediments of the lakes of the French Massif Central was begun in 1982 as part of a research programme on the lakes and palaeo-lakes of the Velay and the Auvergne. This paper describes results obtained from sediments sampled using pneumatically powered corers (Mackereth 1958 (Mackereth , 1969 in PVC tubes of 6.5 cni diameter and of nominal 6 m length. Long continuous lengths of core may be obtained, up t o 12 m in our most recent expeditions, using this technique and physical damage to the structure of the sediments is minimized due to the slow rate of penetration of the core tube. The top-most wet sediments were sampled by mini cores (nominal length 1-1.5 m).
Situated at lat. 44"55'N, long. 3"47'E, at an altitude of 1205 m (see Fig. l ), Lac du Bouchet is contained in a volcanic structure of the 'maar' type which belongs to the Deves volcanic complex (de Goer de Herve & Mergoil 1971) . Two samples of a lava flow exposed at the sides of the volcano have K/Ar ages of 870000 f 60000 and 800000 f 40000 yr (Mitchell 1985, private communication) . The lake has an almost perfect circular shape with a diameter of about 800 m and is remarkable for the small surface area of its watershed and for the absence of inflowing and outflowing streams. Its maximum water depth is about 27 m (Delbecque 1898) and the seasonal variations in water level recorded historically have not exceeded 0.5 m through several centuries. However much larger variations in lake level have occurred on the longer time-scale: during the Pleistocene the water level was about 12 m higher than at present, at the end of the Late Wurm it was about 1.5 m lower and at the beginning of the Holocene it was about 2 m higher.
Seismic reflection profiles (Carruthers 1983) show the existence of a quite shallow (0-3 m), annular littoral prism, several tens of metres wide. Its extent has been limited by the steep internal slope around the perimeter of the lake. The lake floor is almost flat (Fig. 1) .
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The sediments
Detrital grains, originating from weathering of rock exposed on the internal slopes of the volcano were deposited in the lake to form a littoral wedge of largely unsorted sediments. Minor slumpings occurred occasionally whenever the critical slope of repose was exceeded. The finer grained fractions, remaining in suspension longest, were spread out over the whole lake, slowly settling on to the lake floor while the coarser fractions were redeposited around the margins of the central plain. All the cores, which were taken from the central parts of the lake floor (Fig. l) , show a sequence of five facies. (C) Rather more than 1 m of compact gyttja with 40-60 per cent water content, poor in organic matter (2-4 per cent), quite well laminated, with intercalations of sandy horizons resulting from occasional slumpings from the littoral slopes.
(D) About 3 m of grey muds, clearly laminated with coarser material, poor in organic matter (2-4 per cent).
(E) A well laminated facies, with a higher proportion of organic matter (6-1 1 per cent), found at the base of the longer cores.
The most important fraction of all stratigraphic horizons in the central part of the lake is fine grained (diameter < 5 0~) . completely absent from the Holocene horizons, except near the top where its presence can be attributed to erosion caused by human activity. The coarsest fraction (diameter > 3 15 pm) only occurs in the more important turbidites or as thin laminations (carried by floating ice?) in Wurm sediments. A strong aeolean influence is suggested by the rounded shape of the quartz grains. A fuller account of the sedimentological studies is given in Bonifay et al. (1986) .
Dating considerations
The cores have been dated by a combination of pollen, diatom and radiocarbon studies. These have been carried out in most detail on core B5.
Seventy-nine samples from core B5 were andysed. The pollen diagram was zoned following published work on the vegetation history of the region (Couteaux 1984; de Beaulieu, Pons & Reille 1982 . The ages (in radiocarbon years) accepted by the above authors for the boundaries between the pollen zones are summarized in Table 1 . 
D I A T O M O L O G Y
The large majority of diatoms identified belong to species suggestive of a freshwater lake with pH less than 7 and low in nutrients. During the Pre-Boreal and Boreal the diatom associations were composed essentially of epiphytic or benthic species indicative of low lake levels. During the Sub-Atlantic, and particularly during the Atlantic and Sub-Boreal, high water levels are suggested by a predominance of planktonic species. Conditions similar t o those existing today developed during the Sub-Atlantic.
R A D I O C A R B O N D A T I N G
Radiocarbon ages measured at the Centre des Faibles Radioactivites, Gif-sur-Yvette on core B5 are summarized in Table 2 . An additional sample, taken from the base of core B21 (equivalent depth along core B5 is -700 cm) has an age not less than 25 000 B P (Gif 6200). Table 1 . The sediments contain numerous turbidites, suggesting that erosion and solifluxion processes were intense. The proportion of organic matter is low (2-4 per cent). The presence of rounded quartz grains points to a desert landscape. Overall, conditions must have been peri-glacial. The lake must have been covered with ice for a large part of each year.
A N C I E N T D R Y A S
Between 15000 and 13000 B P , a climatic amelioration led to wetter conditions at least seasonally, to the onset of pedogenesis on the internal slopes of the volcano and to a change in the dominant associations of clay minerals. The average rate of sedimentation was very high, -0.50 mm yr-' (Table 1 ). 
H O L O C E N E
The extension of forest cover from 10300 to 4700 B P (Pre-Boreal to Atlantic zones inclusive) caused a spectacular increase in the proportion of organic matter (up to -40 per cent). The amount of forest cover decreased during the Sub-Boreal and Sub-Atlantic. A decrease of diatom flora after about 8000 B P corresponds to the end of the Sub-Boreal. The average rate of sedimentation through the Holocene was -0.17 mm yr-' .
Palaeomagnetic method
The 6-m cores were sealed in their PVC tubes and transported intact t o the laboratory, some to Edinburgh and some to Marseille. They were then cut into shorter sections which were split lengthwise into equal segments. Sub-samples were taken in cubic plastic boxes of -22 mm internal side, sampling continuously down the central axis of the cores. In order to obtain a closer sampling density, boxes were inserted 'zig-zag' with overlap along one of the cores (BS). Although the action of pneumatic corers is smoother than for other types of corer, some shearing of the sediment fabric near the outer surface is inevitable. This causes a slight increase in scatter of NRM directions when the 'zig-zag' method of sub-sampling is used, but it is compensated for by the increased density of sub-samples obtained. The mini cores were subsampled in Marseille rather than in Edinburgh because they had t o be transported vertically due to their very high water content. The natural remanent magnetization (NRM) of the sub-samples was measured using a 3-axis CCL cryogenic magnetometer at Edinburgh and a Digico fluxgate magnetometer at Marseille. The methods and techniques employed are described in Geomagnetism of Baked Clays and Recent Sediments (Creer, Tucholka & Barton 1983) . Detailed, step-by-step alternating field (AF) demagnetization was carried out on pilot subsamples selected from all five lithological facies (see Fig. 2 for results from core BS). A weak viscous component was removed from all pilot sub-samples in a peak demagnetizing field of -7.5 mT. Thereafter, the RM directions were stable to demagnetization in AFs up to 60 mT (peak). At this stage, at least 90 per cent of the NRM had been removed. Median destructive fields (MDF) were found to lie in the range 15-20 mT. A peak field of 10 mT was used for blanket AF cleaning.
Initial results from core B5
The palaeomagnetic results from core B5 are described first because this is the core on which the most complete sedimentological, pollen, diatom and radiocarbon studies were made. A complete set of palaeomagnetic logs after AF demagnetization in 10 mT is shown in Fig. 3 together with the levels of the pollen zone boundaries. Some results for this core have already been described (Thouveny 1983 ; Thouveny et af. 1985) .
I N T E N S I T Y A N D S U S C E P T I B I L I T Y D A T A
Throughout the Holocene part of the record, the magnitudes of intensity ( J ) and susceptibility ( k ) are low. J increases slowly with increasing depth from -20 mA m-' in the Sub- Logs of remanent magnetization (RM) for core B5 after AF demagnetization in a peak field of 10 mT: intensity in mA rn-' , susceptibility in 10.' SI, Q = ratio intensity/susceptibility. Pollen zone boundaries (see Table 1 and Section 3) are shown on the right. The longer wavelength features exhibited by the patterns of declination and inclination variations are labelled with upper and lower case Greek letters respectively (see Section 6 ) .
Boreal to -6 0 mA m-' in the Pre-Boreal while k increases from < to -3 x SI.
The highly fibrous peats from within the Atlantic pollen zone are an order of magnitude weaker.
From 175 -50 x SI.
H O L O C E N E D I R E C T I O N S
The SV records through the Sub-Atlantic and Sub-Boreal are compressed into about 90 cm of organic rich sediments which have invariably been found to be rather poor recorders of SV. These two factors are sufficient to account for the rather small amplitudes of the declination and inclination oscillations ( Fig. 3 ) as compared with the UK detransformed type curves (see Turner & Thompson 1982) . Nevertheless, the Bouchet patterns can be correlated with the UK curves and this allows provisional ages to be assigned to the top metre of core B5 as follows: the four youngest maxima and minima in inclination have been identified as 01 (250 BP), /3 (650 BP), y (1150 BP) and 6 (1650 BP), and the five youngest declination peaks as A (450 BP), B (1000 BP), (2000 BP), A (2500 BP) and the top of E (4200 BP) (UK ages given in brackets). Note that the nomenclature developed by Creer & Tucholka (1982a) for labelling the declination oscillations has been used here: it differs from that of Thompson & Turner (1978) . These provisional 'magnetic' ages are consistent with the pollen dating of the Sub-Atlantic and Sub-Boreal zones as identified in this core. The highly fibrous sediments (facies B) which span part of the Atlantic zone (4700 to 8000 BP) yielded no useful palaeomagnetic data so that UK inclination and declination features K (6200 BP) and Z (6200 u p ) respectively should certainly be missing from the Bouchet records: possibly also X (7400 s r ) and H (7400 s p ) depending on the length of time represented by the Atlantic sediments below the facies B layer.
The sediments below -140 cm depth have been assigned to the base of the Atlantic pollen zone (see Table 1 ) which means that they must be younger than 8000 BP. Therefore the inclination oscillations recorded (Fig. 3 ) have been identified as the older half of p (8400 BP) and v (9700 B p ) as defined by the UK curve. The corresponding declination peaks have been identified as H (-7400 B P ) and 0 (-10 500 s p ) . Thus the age of the sediments just below the gap in the core B5 record must be about 7400 BP. These ages are consistent with the pollen data because v and 0 appear in the Bouchet record close to the Recent Dryas/Pre-Boreal boundary which is placed at about 10 300 B P (see Table 1 ).
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R E C E N T D R Y A S T O B d L L I N G D I R E C T I O N S
Declination values trend westwards with increasing age from easterly extreme 0 in the PreBoreal above. Inclination values decrease from maximum v to minimum (. These oscillations have been labelled by correlation with the Lac de Joux record (Creer et al. 1980) . The D and I records carried by sediments assigned to the Recent Dryas, Allerbd and Bblling zones (10 300-13 000 B P ) are surprisingly featureless considering the fact that the time interval represented is -2700yr. The reason is probably that they are compressed into a thickness of only 27 cm of sediment. The slow overall rate of deposition combined with the pollen and diatom evidence of alternating warmer and colder epochs suggests that sediment deposition may not have been continuous.
A N C I E N T D R Y A S D I R E C T I O N S
The Ancient Dryas sediments are much more strongly magnetized than those overlying them and the average rate of deposition was much higher, -0.5 mm yr-l. The palaeomagnetic records are of good quality. The longer wavelength oscillations have been labelled, extending the scheme used to describe the patterns of the younger records. There are four declination swings, I, K, A and M and four inclination swings t , n , p and 0. The presence of a narrow band of westerly declinations within feature 'K' suggests that it might be an imperfect recording of part of a complete geomagnetic oscdlation. We cannot be sure about this because these westerly declinations occur at a horizon where the core was sectioned. Also, the inclination and intensity logs do not exhibit similar shorter wavelength structure at the same level. Results from other cores are described in Section 7.
W U R M D I R E C T I O N S
Below 3 m depth, in the Wiirm sediments, declination oscillations M, N , Z and II and inclination oscillations T, u, cp and x have been recognized, continuing on with the same labelling scheme. Higher frequency, smaller amplitude oscillations are superimposed on these long wavelength features. Note that a narrow band of westerly declinations occurs within 'M'.
7 Substantiation of palaeomagnetic SV patterns In any palaeomagnetic SV study it is important that parallel records should be obtained from several cores from a chosen site. Apart from demonstrating that the same pattern of variations is recorded over a substantial area of lake floor, errors introduced by the coring technique (e.g. non-vertical penetration) and laboratory handling (e.g. sectioning of core and sub-sampling) can be identified.
Thus the initial stages in assembling the results from several cores are (i) to correct all the declination logs to a common azimuth taken as the average value over the same length of record for all cores (the maximum possible length should be chosen), and (ii) t o adjust the average inclination over the same chosen length of record to a common value. The best one can d o is to choose the axial dipole field values for the core site, but the possibility (even probability) that the length of available record is too short for the SV to average out to zero should always be born in mind. These problems are discussed in Creer & Tucholka (1983a) .
The larger scale features characterizing the patterns of palaeomagnetic SV obtained for core B5 are repeated in all the other cores we have studied (see Fig. 4 ) except for the part of the record spanning the B4lling to Boreal where repeatability is poor (Section 6.3). Results from five other 6-rn cores (BI, B3, B7, B12 and B15) and from three 1-m cores (B6, B8 and B9) will be described.
I N T E R -C O R E C O R R E L A T I O N
The first step in correlating the individual depth scales of the cores to allow for the small variations in deposition rates over the area of the central basin of the lake, was to replot the palaeomagnetic logs for different cores on the depth scale of core B5 using transformation functions based, in order of increasing detail, on: (i) the depths at which the boundaries beneath the five lithological facies A-E had been identified; (ii) long-wavelength features (maxima and minima labelled '1' to '6' in Fig. 3 ) characterizing the intensity and Q-ratio logs and (iii) the spike-like features observed along the intensity logs (Fig. 4) . The patterns of the declination and inclination logs were not used at this stage.
Having defined these 'first stage' correlations and having adjusted the depth scales of individual cores accordingly, the longer wavelength declination and inclination features (as labelled in Fig. 3 ) were observed to line up from core to core. It was apparent, however, that some improvement could be made by 'fine tuning' the levels of at least some of the smaller scale oscillations which could be identified within the labelled features in all the cores. In doing this, we were careful not to override the criteria used for the earlier stages of the correlation process. Fig. 4 shows (a) intensity, (b) inclination and (c) declination, after AF demagnetization in 10 mT, for the six 6-m cores plotted on the depth scale of B5. The pollen zones are shown to the right of the intensity logs and the sediment facies types (both observed for core BS) are shown t o the right of the inclination logs. It will be seen that correlation becomes more difficult for the oldest parts of the cores. The most striking of all the oscillations recorded is the sequence of inclination swings l , 71, p , u and 7.
The mini-cores B6, B8 and B9 were correlated with core B5 in the same way.
M E R G I N G O F I N D I V I D U A L C O K E D A T A
Having transformed the data points for each individual core to the depth scale of core B5, all were transferred into a single file for each parameter (D, I , J, k and Q). All the data points for each parameter were then fitted by cubic spline curves with knots spaced at equal depth increments. The optimal number of knots was chosen to minimize the cross-validation mean square error (CVMSE), a technique developed by Clark & Thompson (1979) and Clark (1983) . The precise number of knots used was not critical because the CVMSE minimum was broad. This procedure has been described previously by Creer & Tucholka (1983b) and is preferred to the alternative procedure whereby data for each core are first equally spaced and then stacked at each horizon (Creer & Tucholka 1982b) . For declination and inclination recorded by sediments assigned to the Sub-Atlantic and Sub-Boreal zones (0-88 cm on the depth scale of core B5-0 to -6000 BP), a 12 knot cubic spline (cs) was fitted to the minicore data (one knot every 7 cm, i.e. about every 500yr, on average). Through the Ancient Dryas and Wurm zones, down to the bottom of the cores (2-6 m on the core B5 depth scale, i.e. . 13 000 to -22 000 BP) the cs curves constructed with 35 knots were preferred. This works out at one knot every 11.4 cm, i.e. about every 250yr on average. The cs curves with 20knots were preferred for J , k and Q, i.e. one knot every 20 cm which corresponds, on average to -450yr. The differences in numbers of knots selected depends on the density of data points and on the dominant wavelengths of the oscillations as observed in the depth 'domain' but, as stated above, the precise number of knots is not critical. (The age estimates given above have been obtained using the depth-time transform described below in section 8.)
Transformation to time-scale
In constructing our depth-time transformation curve (Fig. 5) , whenever ages inferred from pollen studies were in confhct with the radiocarbon ages from the same or closely adjacent Table 2 ).
stratigraphlc levels, we preferred to accept the former ages because the latter can be subject to systematic error due to the 'old carbon' and 'hard water' effects (Hedges 1983 ). Thus we used the pollen based control points exclusively t o construct our depth-time transform function through Holocene to Ancient Dryas time. This meant that we had to ignore two of the radiocarbon ages: Gif 5941 (8300 BP) was considered to be too young and Gif 5940 (5500 B P ) too old. However Gif ages 5944 (2280 B P ) and 5942 (15 800 BP) were consistent with the palynology. To define ages for the Ancient Dryas and Wurm sediments, we fitted a least squares straight line through the pollen ages at 13 000 and 15 000 B P , through the radiocarbon ages at 15 800 and 19 400 B P on core B5 and also through the age of > 25 000 n p (Gif 6200) transferred from the base of our longest (nominal 6 m) core B21. The base of core B21 was estimated to be stratigraphically about 1 m lower than the base of core B5 mainly on the basis of sedimentological observations: this correlation could only be supported by rather sparse palaeomagnetic measurements since most of the sediment from core B21 had been used for sedimentological and pollen studies.
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P r e -B o r e a l R e c e n t D r y a s I Figure 6 . Merged data points (a) from mini-cores €36, B8 and B9 covering the interval 0-6000 UP; (b) and (c) from 6-m cores B1, B3, B5, B7, B12 and B15 respectively for the intervals from 8000 to 13000 BP and from 13 000 to 22 000 BP. Cubic spline curves have been fitted to the data as described in Section 7.2. All the data points have been transformed to the timescale described in Section 8. The principal long wavelength features of the declination and inclination patterns are labelled respectively with upper and lower case Greek letters as in Fig. 3 (see also Section 9).
We expect, in the near future, to obtain a much improved depth-time control through the Late Glacial and Wurm when radiocarbon ages have been obtained using the accelerator method (Gove 1978; Hedges 1983) . These are now being measured on sediments sampled by longer 9-and 12-m cores (see Smith 1985 and Smith & ).
9 Description of merged SV curves Fig. 6 illustrates all the data points, transformed to our time-scale as described in Section 8 and Fig. 5 , from the three mini-cores and the six 6-m cores after AF demagnetization in 10 mT. The cubic spline curves for each parameter (see Section 7.2) were also transformed to the timescale.
F I G . 6 ( A ) ( 0 -6 0 0 0 B P )
It is instructive to compare the ages of the features identified along the merged mini-core declination and inclination curves with those established for the UK type curves. The latter ages (given in brackets) are always younger than the Bouchet ages (given first): (i) inclinations -peak LY appears at 500 U P (250 BP), at 1000 B P (650 BP), y at 1500 B P (1150 BP), 6 at 2000 U P (1650 U P ) and E at 3000 U P (2900 UP), while two minor features which occur along the UK inclination curve, ( and q , are not resolved at Bouchet; (ii) declinations -feature A appears at 250 B P (150 BP), B at 1400 BP (1000 BP), r at 2200 B P (2000 BP), A at 2900 B P (2500 B P ) and E at 4300 B P (4200 BP). These age differences arise because the most recent few thousand years of the UK type curves were dated by reference to archaeomagnetic data: direct dating of the UK sediments themselves also gave ages that were too old (Thompson & Turner 1978; Turner & Thompson 1979) .
K. M. Creer et al. The resolution of this part of the Bouchet record is poor. The UK 'type' curves provide a check back only to -10 000 U P : the declination curve shows a westerly swing H at 7400 B P and the inclination curve shows a minimum p at -8400 BP preceded by a maximum v at -9700 U P . These features are weakly resolved, though with some age differences as compared with the UK curves: H appears at -8500 B P , p at -9000 BP and v at -9700 B P .
These differences w i l l be noted to be largest for the youngest of these features. The cores described by Mackereth (1971) at Lake Windermere penetrated deeper than those used by Thompson & Turner (1978) for the construction of their type curves and they show an easterly declination swing which must be at > 10 500 BP because it is recorded in the laminated Late Glacial clays. It may be identified along the Bouchet log (0) at -10 300 BP at the base of the Pre-Boreal where it is abruptly cut off. The declination log shows westerly values through the Recent Dryas and values with a slight westerly bias through the Aller$d and B$lling. This amalgam of declinations has provisionally been labelled I. In the Lac de Joux declination log there is a similar band of slightly westerly declinations between -10500 and -12 500 B P (see Creer 1985) . inclinations trend towards low values, labelled at -13 000 B P , the start of the Bblling where it is also recorded at Lac de Joux. No attempt has been made to construct cubic spline curves for this time interval (Fig. 6b). 9.3 F I G . 6 ( c ) ( 1 3 0 0 0 -2 2 0 0 0 B P )
The cubic spline curves fitted to the more recent part of this interval (13 000 t o 17 000 BP) identify long wavelength swings in both declination (I, K, A, M) and inclination (t, 77, p , u, 7). It is possible that some of these labelled features are in fact multiple in that subsidiary declination oscillations may exist between I and K and within M and a small amplitude inclination oscillation may occur between u and 7. The records continue back through the Wurm t o the bottom of the cores at -22 000 B P . The inclination minimum T (-17 000 B P ) was probably more pronounced than it appears in our record because in s a n e cores slightly negative values are recorded at this horizon -they fall outside the field of the plot in Fig.  6 (c) (also see Section 12.1). Going back in time, the longer wavelength oscillations have been labelled u, p and x and it is evident that smaller amplitude oscillations are also superimposed on these. The corresponding declination oscillations comprise two westerly peaks N and II and one easterly peak Z. The resolution of the declination and inclination records prior t o -21 000 B P is poor.
I N T E N S I T Y A N D Q -R A T 1 0
These parameters are characterized by sharply fluctuating values w h c h depend mainly on the proportion of fine to coarser sediment in each sub-sample, i.e. on the nature of the laminations contained in each sample box. In Figs 6(a)and (c), the individual points have been jained u p in order to draw attention to this property. These 'spike'-like fluctuations are superimposed on longer wavelength oscillations, the peaks of which are labelled '1' to '6'. These oscillations may reflect mainly changes in geomagnetic field intensity because they do not show up along the susceptibility log. More work needs to be done to establish this point firmly. Notice how the very high values measured on some of the sub-samples containing a high proportion of coarser laminations pull the cubic spline curve away from the highest concentration of the data points.
S U S C E I ' T I B I L I T Y
The longer period oscillations exhibited by the susceptibility log must be caused by variations in the properties of the contained magnetic mineral grains which should reflect long-term c h a t i c and environmental changes.
Spectral analyses
An extensive series of both Discrete Fourier Transform (DFT) and Maximum Entropy Method (MEM) analyses have been performed. The composite curve formed by merging the results from the six 6-m cores measured (Section 7 and Fig. 6c ) was analysed. The results of the DFT analyses based on the FFT of Singleton (1 968), and MEM analyses, based on subroutines and operator lengths discussed in Burg (1967) , Berryman (1978) , Smylie, Clark & Ulrych (1973) and Ulrych & Bishop (1975) were essentially identical, with more detail at the long periods from the latter method. Fig. 7(a, b) shows the DFT power spectra produced for the inclination and declination records from 22 000 t o 13 000 B P . The peaks for the inclinations show periods of approximately 4200-3000, 1570, 1150 and 700 yr, though it should be noted that the main peak is very poorly resolved due to the small time window analysed. The declination spectrum reveals periods of 3600-3000, 1850, 1150 and 700 yr, again with poor resolution for the longest period. Cross-spectrum analyses of inclination and declination were also performed. There is a strong coherence of the two signals for the longest (3900-3000 yr) period ( Fig.   7c ' 0 ' ) with weakercoherence at 1150 and 700yr. At these periods the phase is -t 90°, (Fig. 7c '=') indicating westward drifting sources. The intensity pattern shows a long period peak at -9300 yr not shown by inclination nor declination, and also smaller peaks at 2830, 1020,820 yr and poorly defined peaks at 1300,610 and 535 yr.
The MEM analysis provides more resolution than the DFT analysis. The DFT inclination peak at 4200-3000 yr is split into two peaks at 5600 and 2900 yr but the longest period DFT declination peak at 3600-3000 yr remains unsplit at 3400 yr. The agreement between the two methods is very good also regarding the positions of the other spectral peaks. The MEM analysis of inclination and declination results treated together as a complex pair (Denham 1975 ) reveals only a single peak at 890 yr in the negative half of the spectrum (eastward drifting sources) with most of the energy residing in the positive frequencies (westward drifting sources) with peaks at 3900,1500 and 550 yr. The peaks revealed by the MEM analysis of intensity (Fig. 8d ) agree quite well with those obtained by DFT, though they are noticeably sharpter.
Results of spectrum analyses of data from the 9-m cores are presented in Smith & Creer (1 986) . 
Curvature of VGP paths
The direction of drift of the geomagnetic sources in the Earth's core can be inferred from the sense of rotation of the geomagnetic vector as a function of time because clockwise looping results from westward drifting non-dipole field anomalies and vice-versa (Runcorn 1959; Skiles 1970 ). However such an interpretation is not unique (Dodson 1979; Creer 1983) . The 'instantaneous' sense of rotation of the geomagnetic vector can be conveniently displayed by projecting it on to a plane (Bauer 1899) and noting the curvature of its path, but a more usual procedure in palaeomagnetism is to represent the measured directions by their virtual geomagnetic poles (VGPs) and to study the form of the VGP path. We have plotted (Fig. 9 ) VGPs for 100 yr time increments along the cubic spline curves fitted to the merged AF demagnetized declination and inclination data pairs for all three mini-cores (back to 6000 B P ) and all six 6-m cores (8000-22 000 BP). Between 0 and 3000 B P , there is a slight preference (-55 per cent overall) for clockwise curvature concentrated in two loops separated by an anti-clockwise loop (Fig. 9a) . This kind of result has been found for other European data derived from both archaeological and lake sediment sources.
Between 3000 and 6000 B P , overall curvature is only -45 per cent clockwise (Fig. 9b) , though a nice clockwise loop is traced out by the earlier part of this interval. Between 8000 and 13 000 B P , a series of half-loops is traced out (Fig. 9c) , with -86 per cent showing anticlockwise curvature. Between 13 000 and 16 000 B P (Fig. 9d) (Fig. 9e) . Between 19 000 and 22 000 BP (Fig. 99, the VGP path traces out smaller, clockwise loops with short lengths (comprising -22 per cent in total) of weak counter-clockwise curvature.
Variations in the magnitude and sense of curvature are summarized in Fig. 10 , 'curvature' having been quantified by the angle 'A' made by three successive points on a VGP path as illustrated in the inset to the figure. Long-term trends in the bias in the sense of rotation are evident: there is a very strong bias to clockwise rotation through the late Wurm and Ancient Dryas (22 000-13 000 BP); during the Late Glacial and early Holocene (Bglling, Allergd, Recent Dryas, Pre-Boreal and Boreal -13 000 to 8000 BP) rotation is exclusively anticlockwise though it must be stressed that this part of the SV record is not well resolved; through the late Holocene (Sub-Boreal and Sub-Atlantic -6000 B P to present) the sense of rotation is biased equally in both senses.
The treatment of the rotation of the magnetic vector developed above has been taken a stage further in Smith & Creer (1 986) . 
I2 Discussion
G E O M A G N E T I C S E C U L A R V A R l A T l O N S
The Lac du Bouchet cores record irregular oscillations in declination and inclination of amplitude up to -30" which must be smaller than the amplitudes of the geomagnetic SV because smoothing (and hence attenuation) of the input signal is inherent in any recording process (Creer & Tucholka 1983b) . In this context, the degree of smoothing depends (i) on the time taken for each layer of sediment to acquire its post-depositional remanence and this, in turn, depends on the physical properties of the sediment (see Tucker 1980) , and (ii) on the size of the sub-samples and rate of sedimentation because these factors determine the degree of averaging of the signal at each measurement point. We may estimate the degree of attenuation of the Bouchet record by comparing the amplitudes of these curves with the amplitudes of the archaeomagnetic curves for France over the last few thousand years (Thellier 1980) noting that archaeomagnetic data constitute 'spot' values of the ancient geomagnetic field. Such a comparison reveals that the Bouchet records have been attenuated by 30-50 per cent. The former estimate is more appropriate to use for the less organic Ancient Dryas and Wurm sediments since detrital sediments are invariably better recorders of SV than organic sediments. Hence we may estimate the amplitude of the geomagnetic signal to have been -40" rather than -30" as recorded (Fig. 6b ,cj. Such amplitudes are similar to declinations and departures of inclination from the axial dipole field value shown for mid-latitude sites on isogonic and isoclinic charts for recent and historic geomagnetic epochs. Thus we conclude that the magnitudes of the non-dipole field foci relative to the main dipole field were similar to those computed for historic epochs throughout the time covered by the Bouchet records. Separation of the non-dipole and dipole contributions to the SV for any epoch require observations from geographical sites distributed widely over the whole globe. Since there are no comparable SV records spanning the interval 13 000-22 000 BP available for other geographical regions it is impossible to identify which kind of source field was the main cause of the SV observed in these records.
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O T H E R E U R O P E A N R E C O R D S O F L A T E G L A C I A L A N D G L A C I A L SV
Records through the Late Glacial have been recovered previously from only two other sites in Europe: Lac de Joux in Switzerland (Creer et al. 1980 ) and the Black Sea (Creer 1974) . Both of these results have recently been updated (Creer 1985) . The former record was derived from two cores which penetrate through into the Ancient Dryas and the age control was entirely palynological. The latter record was derived from a single 11-m core (no. 1474) taken by the Woods Hole Oceanographic Institution during cruise 49 of the Atlantis ZI in 1969. Seven radiocarbon age determinations were made on this core and it yielded inclination and declination records extending back to -24000 B P . These two sites, taken together with Lac du Bouchet, cover a geographical area spanning some 10" of latitude and 30" of longitude and all three results exhibit similar patterns of variations in both inclination and declination (see fig. 5 of Creer 1985) . However the ages of declination features Z and Il and inclination features u and p appear to be some 1000 yr older along the Black Sea records than along the Bouchet records. This probably reflects insufficiently tight age control because this age difference is too large to be interpreted in terms of drifting sources.
E X C U R S I O N S
The Gothenburg 'excursion' reported by Morner (1977) to have occurred during the Older Dryas and BBIling is not recorded at Lac du Bouchet, though it is pertinent to note that no 'cold' interval corresponding to the Older Dryas has been identified by the palynologists in the Bouchet sediments between the B$lling and Allerad. The Laschamp and Olby 'events', first reported by Bonhommet & Babkine (1967) , were originally dated at no more than 20000 BP by Bonhommet & Zahringer (1969) , i.e. within the time spanned by the records from the 6-m cores from Lac du Bouchet. However, more recent age determinations, e.g. those by Gillot et al. (1979) , fall in the range 36 000-42 000 B P . Since Laschamp and Olby are located only -100 km t o the north of Lac du Bouchet (see Fig. l) , we should expect to find evidence of these excursions recorded in longer (12-m) cores currently being studied.
